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SUMMARY
Objective. Detection of laryngeal cartilage invasion is of great importance in staging of la-
ryngeal squamous cell carcinoma (LSCC). The role of prognosticators in locally advanced 
laryngeal cancer are still widely debated. This study aimed to assess the impact of volume 
of thyroid cartilage infiltration, as well as other histopathologic variables, on patient sur-
vival.
Materials and methods. We retrospectively analysed 74 patients affected by pT4 LSCC 
and treated with total laryngectomy between 2005 and 2021 at the Department of Otorhi-
nolaryngology – Head and Neck Surgery of the University of Brescia, Italy. We considered 
as potential prognosticators histological grade, perineural (PNI) and lympho-vascular inva-
sion (LVI), thyroid cartilage infiltration, and pTN staging. Pre-operative CT or MRI were 
analysed to quantify the volume of cartilage infiltration using 3D Slicer software. 
Results. The 1-, 3-, and 5-year disease free survivals (DFS) were 76%, 66%, and 64%, 
respectively. Using machine learning models, we found that the volume of thyroid cartilage 
infiltration had high correlation with DFS. Patients with a higher volume (> 670 mm3) of 
infiltration had a worse prognosis compared to those with a lower volume. 
Conclusions. Our study confirms the essential role of LVI as prognosticator in advanced 
LSCC and, more innovatively, highlights the volume of thyroid cartilage infiltration as an-
other promising prognostic factor.

KEY WORDS: cartilage infiltration, thyroid cartilage, laryngeal cancer, prognostic factors, 
machine learning, predictive model

RIASSUNTO
Obiettivo. La valutazione dell’invasione cartilaginea ha grande importanza nella stadia-
zione dei carcinomi squamocellulari della laringe (LSCC). Mentre il ruolo dei fattori pro-
gnostici nei tumori laringei localmente avanzati è ancora ampiamente discusso, questo stu-
dio è finalizzato a valutare l’impatto del volume di infiltrazione della cartilagine tiroidea, 
oltre che quello di altre variabili istopatologiche, sulla sopravvivenza.
Materiali e metodi. Sono stati retrospettivamente analizzati 74 pazienti affetti da pT4 
LSCC e trattati con laringectomia totale nel periodo tra il 2005 e il 2021 presso il Reparto 
di Otorinolaringoiatria e Chirurgia della Testa e del Collo dell’Università degli Studi di 
Brescia. I parametri considerati come potenziali fattori prognostici sono stati il grading, 
l’invasione perineurale (PNI) e linfovascolare (LVI), l’infiltrazione della cartilagine tiroi-
dea e la stadiazione pTN. Le immagini CT e MRI pre-operatorie sono state analizzate per 
quantificare il volume di infiltrazione cartilaginea attraverso il software 3D Slicer.
Risultati. La sopravvivenza libera da malattia (DFS) a 1, 3 e 5 anni è stata rispettivamente 
del 76%, 66% e 64%. Utilizzando modelli di machine learning abbiamo scoperto che il vo-
lume di infiltrazione della cartilagine tiroidea aveva un grande impatto sulla DFS. In parti-
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Introduction
Laryngeal squamous cell carcinoma (LSCC) is the second 
most prevalent malignant neoplasm within the respiratory 
tract, trailing only pulmonary cancer  1. Approximately 
60% of laryngeal malignancies are diagnosed at an ad-
vanced stage due to the non-specific nature of early tumour 
symptoms. The TNM system is the most widely utilised 
framework to stage LSCC and provide valuable predic-
tions of survival  2. The prognostic heterogeneity inherent 
to laryngeal neoplasms, particularly for those at advanced 
stages, has been the subject of extensive studies from our 
group and others aimed at identification of potential predic-
tors 3-10. Several prognostic factors have been implicated in 
LSCC, including disease stage, surgical margin status, tu-
mour differentiation, extranodal extension (ENE), and the 
presence of lympho-vascular (LVI) or perineural invasion 
(PNI) 11-13. Early diagnosis is crucial, placing disease stage 
at the heart of 5-year survival estimation: if it is consid-
ered to be around 60% on average, it reaches 78% in early-
stage patients, and falls to 34% in cases with metastatic 
involvement 14,15. Additionally, histological features such as 
LVI and PNI represent negative prognostic indicators, un-
derlining the tendency for tumour invasion and its aggres-
sive character. Furthermore, lymph node metastasis, along 
with the size and quantity of involved lymph nodes (> 4), 
and ENE can further worsen prognosis  16. The presence 
of ENE, for example, dictates more aggressive treatment 
strategies, necessitating potentially radical neck dissection 
and adjuvant therapy. Surgical margin status also plays a 
significant role, influencing both survival rates and the risk 
of local recurrence and lymph node metastases.
Precise disease staging of LSCC is crucial for an effective 
therapeutic plan, necessitating both endoscopic and radio-
logic evaluations, including neck CT or MRI. The former 
efficiently detects cartilaginous invasions, but may fail to 
identify minor erosion due to varying degrees of cartilage 
ossification, potentially confounding the diagnosis17,18. 
MRI is more effective in diagnosis of cartilaginous infil-
tration, despite occasional difficulties in distinguishing it 
from peritumoural inflammation 19-21. Despite the benefits 
of MRI, CT remains the most frequently employed diag-
nostic tool due to its widespread availability.
Tumour volumetry, as documented in the literature, serves 
both as a determinant of optimal treatment strategy and 
prognostic tool. Hsin et al.  22, in the attempt to evaluate 

alternatives to surgery aimed at preserving organ function 
without compromising survival, concluded that for primary 
tumours with a volume < 15 cm3 chemo-radiotherapy can 
obtain survival rates comparable to surgery, while surgical 
resection remained the most reliable option for lesions with 
larger volumes. De Andrade et al.  23 criticised the TNM 
staging system since smaller tumours affecting multiple 
sites may receive higher staging than larger lesions con-
fined to a single site. This prompted further investigation 
into the role of maximum tumour volume and more accu-
rate prediction of survival.
Given the ongoing debate surrounding prognostic factors 
in locally advanced LSCC, this study aims to identify and 
evaluate the potential prognostic implications of specific 
histopathological and radiological parameters, with spe-
cial focus on the influence of the volume of cartilage in-
filtration, assessed via pre-operative imaging, on survival 
outcomes. According to the TNM system, full-thickness 
thyroid cartilage infiltration is of substantial importance, 
automatically elevating the tumour stage to T4a. Conse-
quently, this study investigates whether the volumetric de-
gree of infiltration can serve as an additional factor in elu-
cidating the different survival rates among patients with 
equivalent stages.

Materials and methods
Patient selection
We conducted a retrospective, single center study of pa-
tients diagnosed with LSCC and treated by total laryngec-
tomy between January 2005 and December 2021 at the 
Unit of Otorhinolaryngology – Head and Neck Surgery of 
the University of Brescia, Italy, categorised as pT4a based 
on post-operative histopathology, and with accessible pre-
operative imaging performed at our Institution. Both treat-
ment naïve patients as well as cases with recurrence of pre-
vious laryngeal neoplasms were included in the analysis. 
Patients with incomplete histological data, with less than 
12 months of post-operative follow-up, or those lacking ac-
cessible survival or oncological outcomes were excluded 
from the study.
For follow-up and survival data, we utilised electronic 
medical records (Milos, Health Meeting platform), and 
contacted patients or their families by phone when neces-
sary. We collected data on demographic and LSCC site, 

colare, i pazienti con volume d’infiltrazione maggiore di 670 mm3 avevano una prognosi peggiore di quelli con volume di infiltrazione inferiore.
Conclusioni. Il nostro studio conferma il ruolo fondamentale della LVI come fattore prognostico nei LSCC avanzati e, in modo più innovativo, 
identifica il volume di infiltrazione cartilaginea come un’altra variabile impattante la prognosi di questi pazienti.

PAROLE CHIAVE: infiltrazione cartilaginea, cartilagine tiroidea, tumore della laringe, fattori prognostici, machine learning, modelli predittivi
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alongside histopathological, radiological, and survival 
data. The histopathological and radiological parameters 
considered were grading, PNI, LVI, infiltration of the thy-
roid cartilage, and pTN staging. The primary endpoint 
was disease-free survival (DFS), where recurrence was 
defined by the first clinical or radiological examination 
documenting it.

Image analysis
The Second Unit of Radiology of the University of Brescia, 
Italy, provided the pre-operative radiological images used 
in this study. Two experienced radiologists (M.R. and C.P.), 
each with a minimum of 4 years of head and neck imaging 
experience, retrospectively analysed these images. A third 
radiologist (D.F.), with 28 years of experience, evaluated 
any doubtful or complex case.
The radiological analysis aimed to quantify the thyroid car-
tilage neoplastic infiltration. For this purpose, we used an 
open-source software, 3D Slicer 24, which processes images 
with graphic segmentation tools. The radiologists manual-
ly outlined the area of infiltrated cartilage on each section 
where the lesion was visible to determine the volume of 
infiltration. The software then calculated a numerical value 
for infiltration volume, expressed in mm3. Segmentation 
was carried out on the venous phase of CT scans (performed 
90 seconds post-contrast injection and reconstructed in the 
axial plane with a thickness of 2-3 mm), or T2-weighted 
MRI scans (axial plane, 3 mm thickness).

Statistical analysis
We compiled all data in an Excel spreadsheet and processed 
it using the Python-based Dataspell programme 25 and its 
associated statistical packages, with DFS as the primary 
outcome. Event incidence was computed using the Kaplan-
Meier method and compared using the log-rank test. A p-
value of < 0.05 was considered statistically significant.
Furthermore, we conducted multivariate Cox regression 
with a proportional hazards model, treating histopatho-
logical and radiological factors as covariates. To verify the 
predictive capacity of statistical models and the features 
considered in a non-parametric manner, we employed vari-
ous machine learning (ML) algorithms. Before data pro-
cessing, we performed feature scaling for normalisation to 
assess the role of thyroid cartilage infiltration in prognostic 
stratification. This integration of ML models into tradi-
tional statistics allowed for a more nuanced exploration of 
cartilage infiltration’s prognostic implications. The models 
employed were Logistic Regression, K Nearest Neighbor, 
Support Vector Machines (Linear and RBF Classifiers), 
Gaussian Naive Bayes, Decision Tree Classifier, and Ran-
dom Forest Classifier.

Results

Patient characteristics
Our selection criteria resulted in a cohort of 74 patients, 
comprising 5 women (6.7%) and 69 men (93.3%). The 
mean age at diagnosis was 69 years (range, 38-93). All pa-
tients underwent pre-operative CT and/or MRI imaging (3 
patients had both examinations and, in these cases, MRI 
was preferentially analysed due to the equivalent image 
quality). The analysis showed that over half of patients had 
a cartilage infiltration volume < 500 mm3. All patients un-
derwent total laryngectomy (TL) (20 salvage and 54 prima-
ry TL), with post-operative histopathological exam reveal-
ing always a pT4 category. For pN category, except for 1 
patient (1.3%) who did not undergo neck dissections since 
already performed before for another tumour, 63.5% were 
classified as pN0, 6.8% as pN1, 4.1% as pN2b, and 24.3% 
as pN3b. Table I summarises the patient characteristics.

Follow-up and oncological outcomes
Patients underwent mean follow-up of 44 months (medi-
an, 32; range, 2-55). The 1-, 3-, and 5-year DFS was 76%, 
66%, and 64%, respectively. Most events occurred with-
in the initial 20 months, with no events recorded after 80 
months (Fig. 1). DFS was further analysed in relation to 
each histopathological factor.

Table I. Patient characteristics.

Characteristic N

Patients, no. 74

Age, years (mean) 69

Gender, no. 

Male 69

Female 5

Pre-operative imaging:

CT or MR 71

CT and MR 3

pTN

T4a 74

N0 47

N1 5

N2b 3

N3b 18

PNI-LVI

PNI- 38

PNI+ 36

LVI- 34

LVI+ 40
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Influence of histopathological factors on DFS
LVI was notably influential on DFS, leading to a marked 
difference in 5-year DFS rates between LVI positive (54%) 
and negative (80%) patients (Fig. 2). This substantial diver-
gence confirms the prognostic importance of LVI (p-value 
< 0.05).
PNI had a significant impact on DFS as well, resulting in 
a lower 5-year DFS of 43% in patients with PNI compared 
to 78% in patients without (Fig. 3). This contrast further 
underlines the importance of PNI in prognostic evaluation 
(p-value < 0.05).
In terms of lymph node involvement, a consistent DFS pat-
tern was observed between patients with pN+ and those 
pN0 for the initial 10 months, which significantly diverged 
later (Fig  4). The 5-year DFS was notably lower at 47% in 
patients with pN+ compared to 70% in those pN0 (p-value 
< 0.05).

Regarding volume of cartilage infiltration, patients with 
volumes exceeding the 75th percentile (670 mm3) exhib-
ited significantly poorer DFS, especially beyond 7 months 
(Fig. 5). This correlation, although suggestive of a statisti-
cal trend (p-value 0.08), was not conclusively significant.

Insights from Cox proportional hazards model and hazard 
ratio
The Cox proportional hazards model identified LVI as an 
independent risk factor for prognosis in patients with lo-
cally advanced LSCC (p-value 0.01).
PNI and cartilage infiltration volume exceeding the 75th 
percentile showed a trend towards negatively affecting 
prognosis, although it was not statistically significant (p-
value 0.11).

Figure 1. DFS (disease free survival).

Figure 2. DFS and lympho-vascular invasion (LVI).

Figure 3. DFS and perineural invasion (PNI).

Figure 4. DFS and lymph nodes involvement.
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Investigations using ML models
The Decision Tree Classifier and the Random Forest Clas-
sifier showed superior predictive performance (Tab. II). 
They identified the Maximum Diameter and volume as the 
most substantial features impacting DFS, with respective 
importance of 34.6% and 28%. These two variables exhib-
ited a strong positive correlation (correlation coefficient: 
0.7784, p-value < 0.0001).

Discussion
Our investigation into histopathological variables, includ-
ing LVI, PNI, and pN status, yielded confirmatory insights 
about their influence on DFS. In particular, the Kaplan-
Meier analysis at 1, 3, and 5 years confirmed a robust prog-
nostic impact.
LVI was substantiated as an independent prognostic fac-
tor through a multivariate analysis using the Cox model. 
Notably, this result diverges from the conclusions drawn by 
Santos et al. 26, who, while acknowledging the importance 
of LVI as a prognostic factor, did not find it as indepen-

dently predictive 27. However, it is important to note that the 
patient population in their study included those with both 
pT3 and pT4 tumours.
While PNI demonstrated a considerable effect on DFS, it 
did not emerge as an independent risk factor in the Cox 
model. This outcome is consistent with a recent study12 that 
employed a Matched-Pair Analysis methodology, underlin-
ing the complex nature of LSCC prognosis.
The role of LVI and PNI in prognosis has also been rec-
ognised by the American Joint Committee on Cancer 
(AJCC)  28. They suggested, in fact, that these factors are 
indicators for adjuvant therapy to enhance loco-regional 
control, even though they do not alter the TNM staging.
Lymph node involvement is a widely recognised prognosti-
cator in LSCC. Our evaluation of this factor, however, was 
dichotomous due to the sparse distribution across the N cat-
egories. While it affected DFS, it was not identified as an 
independent risk factor in the multivariate analysis. 
The key innovation in our study is that, in addition to tra-
ditional variables, we utilised ML algorithms to interpret 
pre-operative radiological data. In particular, we divided 
patients into volumetric categories based on cartilage infil-
tration, above and below the 75th percentile.
When assessing it with conventional statistics, volumetric 
cartilage invasion failed to reach statistical significance 
(p-value: 0.08). Therefore, to further enhance our analy-
sis, we applied ML techniques for non-parametric statistics 
considering the abovementioned variables (LVI, PNI, pN+, 
and cartilaginous infiltration volume). Data normalisation 
through feature scaling was performed before integrating 
the variables into various ML algorithms. The dataset was 
split into a training and a validation set, with an accuracy 
calculation for each algorithm.
The Decision Tree Classifier and Random Forest Classi-
fier, two of the seven algorithms applied, demonstrated 
superior predictive ability. The Decision Tree Classifier 
is an algorithm that mimics the structure of a tree and is 
based on inductive learning. Each “Decision Node” con-
sists of a test on a particular variable, based on which the 
flow takes one direction rather than another. The so-called 
“Decision Nodes” are the inputs that are provided to the 
algorithm, while the “Leaf Nodes” are the returned outputs. 
The Random Forest Classifier combines several Decision 
Tree Classifiers by introducing a random component. In the 
first phase, the different “trees” that make up the “forest” 
are built by randomly associating the different observations 
(note that individual observations can be used multiple 
times). In the second phase, several variables are associ-
ated with each observation, also randomly, and one of these 
emerges as the most important. By repeating this process 
multiple times, a more or less numerous series of Decision 

Figure 5. DFS and cartilage infiltration volume.

Table II. Evaluation of models in terms of accuracy for the training and vali-
dation sets.

Training set Validation set

Logistic Regression 71.2% 86.7%

K-nearest Neighbours 71.2% 86.7%

Linear Classifier 67.8% 66.7%

RBF Classifier 79.7% 73.3%

Gaussian Naive Bayes 67.8% 73.3%

Decision Tree Classifier 96.6% 86.7%

Random Forest Classifier 91.5% 93.3%
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Tree Classifiers are built and create a Random Forest Clas-
sifier. A new observation is handled in the following way: 
each Decision Tree gives its own response; a majority eval-
uation is made to use the predictive ability of the algorithm.
These algorithms placed thyroid cartilage infiltration as the 
top-ranked feature, affirming its non-linear impact on sur-
vival. It is pertinent to note that radiological assessment of 
thyroid cartilage infiltration is currently limited by the less-
than-optimal sensitivity and specificity of CT and MRI. 
However, recent advancements in radiomics highlight the 
potential of ML algorithms to predict and quantify cartilage 
invasion with higher accuracy compared to traditional radi-
ologist interpretation. In fact, a recent review 29 evaluating 
possible applications of radiomics for laryngeal tumours 
suggested that cartilage infiltration may be a variable wor-
thy of attention. In our study, through the support of ML 
algorithms analysing radiological parameters, it was con-
firmed that thyroid cartilage infiltration has a significant, 
although non-linear, impact on survival. However, in terms 
of future perspectives, the literature provides an interesting 
insight: a recent radiomics study  30 compared the patho-
logic report to a radiologist evaluation and a ML algorithm 
which predicted the possibility of cartilage invasion; the 
latter was found to have greater accuracy, highlighting the 
potential of this type of approach.
The retrospective nature and the type of the present study 
analysis gives rise to intrinsic limitations: specifically, CT/
MRI annotation for volumetric cartilage involvement was 
manually performed and intrinsically subjective. Further-
more, even with high quality radiologic imaging, it is not 
always possible to precisely detect and delineate cartilage 
infiltration. 

Conclusions 
In the continuously evolving domain of oncology, initial 
diagnostic staging serves as a preliminary risk stratification 
tool to guide the evaluation of potential therapeutic options. 
Nevertheless, as modern medicine shifts toward personal-
ised and targeted treatment strategies, conventional stage-
based evaluation can oversimplify the intricate landscape 
of oncological diseases. Thus, unraveling the heterogeneity 
of prognostic indicators within each stage becomes crucial 
to improve predictive precision and personalised patient 
care.
Our study underlines the importance of such nuanced fac-
tors, highlighting the essential role of LVI in the prognosis 
of locally advanced LSCC. More innovatively, we identified 
the volume of thyroid cartilage infiltration as a promising 
prognostic determinant. This element possesses a unique 
dimension of utility, as it can be non-invasively assessed 

pre-operatively, offering critical insight into therapeutic 
decision-making at the inception of the treatment journey.
ML, as seen herein, holds considerable promise in aug-
menting traditional analysis, especially in large-scale stud-
ies for deriving diagnostic, prognostic, and therapeutic re-
sponse data. The focal point of its application remains the 
appraisal of anatomical complexity, particularly in LSCC, 
and the inherent intra-tumoural variability, which are both 
key to optimising oncological outcomes while minimising 
functional compromise.
However, it is essential to emphasise the importance of a 
well-structured training period, even though it may be sig-
nificantly accelerated compared to the conventional learn-
ing curve of a clinician. The goal remains to enable a re-
sponsible and informed application of artificial intelligence 
in clinical decision-making, creating a symbiosis of human 
expertise and algorithmic precision to improve patient out-
comes.

Conflict of interest statement
The authors declare no conflict of interest.

Funding
This research did not receive any specific grant from fund-
ing agencies in the public, commercial, or not-for-profit 
sectors.

Author contributions
CM, AP, FEN contributed to data collection and analysis; 
MR, CP, DF retrospectively analyzed radiological images; 
AP performed statistical analysis integrated with machine 
learning models; CM, AP, CP performed manuscript prepa-
ration; AP, CP performed final edits and revisions; CM, AP, 
DL, FDB, MR, CP, DF, FEN, CP contributed conceptually 
to the article and approved the submitted version.

Ethical consideration
This study was approved by the Institutional Ethic Commit-
tee (CE Spedali Civili, Brescia) (protocol number: 4554). 
The research was conducted ethically, with all study pro-
cedures being performed in accordance with the require-
ments of the World Medical Association’s Declaration of 
Helsinki.

References
1 Steuer CE, El-Deiry M, Parks JR, et al. An update on larynx cancer. 

CA Cancer J Clin 2017;67:31-50. https://doi.org/10.3322/caac.21386
2 Freeman DE, Mancuso AA, Parsons JT, et al. Irradiation alone for 

supraglottic larynx carcinoma: can CT findings predict treatment 
results? Int J Radiat Oncol Biol Phys 1990;19:485-490. https://doi.
org/10.1016/0360-3016(90)90562-x

https://doi.org/10.3322/caac.21386
https://doi.org/10.1016/0360-3016(90)90562-x
https://doi.org/10.1016/0360-3016(90)90562-x


Thyroid cartilage infiltration in advanced laryngeal cancer: prognostic implications and predictive modelling

7

3 Succo G, Crosetti E, Bertolin A, et al. Treatment for T3 to T4a la-
ryngeal cancer by open partial horizontal laryngectomies: prognos-
tic impact of different pathologic tumor subcategories. Head Neck 
2018;40:1897-1908. https://doi.org/10.1002/hed.25176

4 Marchi F, Filauro M, Missale F, et al. A multidisciplinary team guid-
ed approach to the management of ct3 laryngeal cancer: a retrospec-
tive analysis of 104 cases. Cancers (Basel) 2019;11:717. https://doi.
org/0.3390/cancers11050717

5 Del Bon F, Piazza C, Lancini D, et al. Open partial horizontal lar-
yngectomies for t3−t4 laryngeal cancer: prognostic impact of ante-
rior vs. posterior laryngeal compartmentalization. Cancers (Basel) 
2019;11:289. https://doi.org/10.3390/cancers11030289

6 Marchi F, Missale F, Incandela F, et al. Prognostic significance of 
peripheral t-cell subsets in laryngeal squamous cell carcinoma. 
Laryngoscope Investig Otolaryngol 2019;4:513-519. https://doi.
org/10.1002/lio2.304

7 Marchi F, Missale F, Sampieri C, et al. Laryngeal compartmentaliza-
tion does not affect the prognosis of t3-t4 laryngeal cancer treated 
by upfront total laryngectomy. Cancers (Basel) 2020;12:2241. https://
doi.org/10.3390/cancers12082241

8 Boscolo-Rizzo P, Zanelli E, Giudici F, et al. Prognostic value of H-
index in patients surgically treated for squamous cell carcinoma of the 
larynx. Laryngoscope Investig Otolaryngol 2021;6:729-737. https://
doi.org/10.1002/lio2.603

9 Mattioli F, Lo Manto A, Miglio M, et al. Oropharyngeal squamous 
cell carcinoma: prognostic factors for development of distant me-
tastases and oncological outcomes. Head Neck 2023;45:1406-1417. 
https://doi.org/10.1002/hed.27354

10 Molteni G, Nocini R, Mattioli F, et al. Impact of lymph node ratio 
and number of lymph node metastases on survival and recurrence in 
laryngeal squamous cell carcinoma. Head Neck 2023;45:2274-2293. 
https://doi.org/10.1002/hed.27471

11 Liebig C, Ayala G, Wilks JA, et al. Perineural invasion in cancer: a 
review of the literature. Cancer 2009;115:3379-3391. https://doi.
org/10.1002/cncr.24396

12 Zhu X, Duan F, Zhu Y, et al. Perineural invasion as a prognostic factor 
in laryngeal squamous cell cancer: a matched-pair survival analysis. 
Cancer Invest 2021;39:734-740. https://doi.org/10.1080/07357907.2
021.1947311

13 Shin HI, Bang JI, Kim GJ, et al. Perineural invasion predicts lo-
cal recurrence and poor survival in laryngeal cancer. J Clin Med 
2023;12:449. https://doi.org/10.3390/jcm12020449

14 Shephard EA, Parkinson MA, Hamilton WT. Recognising laryngeal 
cancer in primary care: a large case-control study using electronic 
records. Br J Gen Pract 2019;69:e127-e133. https://doi.org/10.3399/
bjgp19X700997

15 Cancer of the Larynx - Cancer Stat Facts. SEER. Accessed August 27, 
2023. https://seer.cancer.gov/statfacts/html/laryn.html

16 Jose J, Coatesworth AP, Johnston C, et al. Cervical node metastases 
in squamous cell carcinoma of the upper aerodigestive tract: the sig-
nificance of extracapsular spread and soft tissue deposits. Head Neck 
2003;25:451-456. https://doi.org/10.1002/hed.10214

17 Kuno H, Sakamaki K, Fujii S, et al. Comparison of MR imaging and 
dual-energy ct for the evaluation of cartilage invasion by laryngeal 
and hypopharyngeal squamous cell carcinoma. AJNR Am J Neurora-
diol 2018;39:524-531. https://doi.org/10.3174/ajnr.A5530

18 Preda L, Conte G, Bonello L, et al. Diagnostic accuracy of surface 
coil MRI in assessing cartilaginous invasion in laryngeal tumours: do 
we need contrast-agent administration? Eur Radiol 2017;27:4690-
4698. https://doi.org/10.1007/s00330-017-4840-x

19 Ravanelli M, Lancini D, Maroldi R, et al. Magnetic resonance imag-
ing to assess cartilage invasion in recurrent laryngeal carcinoma after 
transoral laser microsurgery. Acta Otorhinolaryngol Ital 2022;42:531-
537. https://doi.org/10.14639/0392-100X-N2090

20 Maroldi R, Ravanelli M, Farina D. Magnetic resonance for laryngeal 
cancer. Curr Opin Otolaryngol Head Neck Surg 2014;22:131-139. 
https://doi.org/10.1097/MOO.0000000000000036

21 Tshering Vogel DW, Zbaeren P, Geretschlaeger A, et al. Diffusion-
weighted MR imaging including bi-exponential fitting for the detec-
tion of recurrent or residual tumour after (chemo)radiotherapy for 
laryngeal and hypopharyngeal cancers. Eur Radiol 2013;23:562-569. 
https://doi.org/10.1007/s00330-012-2596-x

22 Hsin LJ, Fang TJ, Tsang NM, et al. Tumor volumetry as a prognos-
tic factor in the management of T4a laryngeal cancer. Laryngoscope 
2014;124:1134-1140. https://doi.org/10.1002/lary.24461

23 de Andrade NMM, Dedivitis RA, Ramos DM, et al. Tumor volume 
as a prognostic factor of locally advanced laryngeal cancer. Eur 
Arch Otorhinolaryngol 2021;278:1707. https://doi.org/10.1007/
s00405-021-06734-4

24 3D Slicer image computing platform | 3D Slicer. Accessed August 27, 
2023. https://www.slicer.org

25 JetBrains DataSpell: The IDE for Data Scientists. JetBrains. Accessed 
August 27, 2023. https://www.jetbrains.com/dataspell

26 Santos TS, Estêvão R, Antunes L, et al. Clinical and histopatho-
logical prognostic factors in locoregional advanced laryngeal can-
cer. J Laryngol Otol 2016;130:948-953. https://doi.org/10.1017/
S002221511600880X

27 Beibei Y, Rong Y, Yunfei Y, et al. Research progress regarding 
surgical margins, molecular margins, and prognosis of larynge-
al carcinoma. Ear Nose Throat J 2021;100:597-603. https://doi.
org/10.1177/0145561320903146

28 Laryngeal Cancer Staging. Stages of Throat Cancer. American Cancer 
Society. Accessed August 27, 2023. https://www.cancer.org/cancer/
types/laryngeal-and-hypopharyngeal-cancer/detection-diagnosis-
staging/staging.html

29 Chiesa-Estomba CM, Echaniz O, Larruscain E, et al. Radiomics 
and texture analysis in laryngeal cancer. Looking for new frontiers 
in precision medicine through imaging analysis. Cancers (Basel) 
2019;11:1409. https://doi.org/10.3390/cancers11101409

30 Guo R, Guo J, Zhang L, et al. CT-based radiomics features in the pre-
diction of thyroid cartilage invasion from laryngeal and hypopharyn-
geal squamous cell carcinoma. Cancer Imaging 2020;20:81. https://
doi.org/10.1186/s40644-020-00359-2

https://doi.org/10.1002/hed.25176
https://doi.org/0.3390/cancers11050717
https://doi.org/0.3390/cancers11050717
https://doi.org/10.3390/cancers11030289
https://doi.org/10.1002/lio2.304
https://doi.org/10.1002/lio2.304
https://doi.org/10.3390/cancers12082241
https://doi.org/10.3390/cancers12082241
https://doi.org/10.1002/lio2.603
https://doi.org/10.1002/lio2.603
https://doi.org/10.1002/hed.27354
https://doi.org/10.1002/hed.27471
https://doi.org/10.1002/cncr.24396
https://doi.org/10.1002/cncr.24396
https://doi.org/10.1080/07357907.2021.1947311
https://doi.org/10.1080/07357907.2021.1947311
https://doi.org/10.3390/jcm12020449
https://doi.org/10.3399/bjgp19X700997
https://doi.org/10.3399/bjgp19X700997
https://seer.cancer.gov/statfacts/html/laryn.html
https://doi.org/10.1002/hed.10214
https://doi.org/10.3174/ajnr.A5530
https://doi.org/10.1007/s00330-017-4840-x
https://doi.org/10.14639/0392-100X-N2090
https://doi.org/10.1097/MOO.0000000000000036
https://doi.org/10.1007/s00330-012-2596-x
https://doi.org/10.1002/lary.24461
https://doi.org/10.1007/s00405-021-06734-4
https://doi.org/10.1007/s00405-021-06734-4
https://www.slicer.org/
https://www.jetbrains.com/dataspell/
https://doi.org/10.1017/S002221511600880X
https://doi.org/10.1017/S002221511600880X
https://doi.org/10.1177/0145561320903146
https://doi.org/10.1177/0145561320903146
https://www.cancer.org/cancer/types/laryngeal-and-hypopharyngeal-cancer/detection-diagnosis-staging/staging.html
https://www.cancer.org/cancer/types/laryngeal-and-hypopharyngeal-cancer/detection-diagnosis-staging/staging.html
https://www.cancer.org/cancer/types/laryngeal-and-hypopharyngeal-cancer/detection-diagnosis-staging/staging.html
https://doi.org/10.3390/cancers11101409
https://doi.org/10.1186/s40644-020-00359-2
https://doi.org/10.1186/s40644-020-00359-2

